I N EARLIER EXPERIMENTS REPORTED from this laboratory, rapid transfusion of several hundred milliliters of blood into dogs within less than >$ min caused greatly increased arterial pressure, right atria1 pressure, and cardiac output (5); but all these reapproached their pretransfusion levels within a few minutes. Estimates of blood volume indicated that more than half of the transfused blood still remained in the circulation even after the pressures and cardiac output had returned to normal. Therefore, blood volume changes could explain only part of the circulatory readjustments. In other experiments, the effect of periodic increase and decrease in blood volume was studied (6). A volume increase and decrease of 50 ml with a periodicity of only a few seconds in a medium- The isolated vein was then perfused by the apparatus illustrated in Fig. I , which may be described as follows: The femoral artery was cannulated and connected to a blood reservoir, the blood level of which was kept at a constant height of 80 cm above the level of the perfused vein by an overflow tube that carried excess blood back to the femoral vein. Air was continuously bubbled through the reservoir to prevent settling of the blood cells and to saturate the blood with oxygen. The reason for saturating the blood was that the tone of the venous segment changed very slightly with changes in oxygen level, an increase in tone with increased oxygen and a decrease with decreased oxygen. To keep this fac- The blood was warmed to 37 C by passage through coiled tubing in a water bath before it entered the vein. The vein (see insert of Fig. I ) was placed in a special chamber in such a manner that blood could flow through it while at the same time its outside was bathed with Tyrode's solution. Any increase in volume in the vein displaced an equal volume of the Tyrode's solution into a Grass volume transducer, and the volume changes were recorded on a Grass polygraph.
Intraluminal venous pressure was measured through a zo-gauge needle which was sealed into the side of one of the plastic venous cannulas and extended into the lumen of the vein. Extraluminal pressure was measured through another needle inserted into the surrounding chamber. Pressures via these needles were measured by Statham (o-5 mm Hg) pressure transducers arranged to measure differential pressures (7). The resulting transmural pressure was also recorded on the Grass polygraph.
The vein was connected by large-diameter tubing to an overflow reservoir which could be raised or lowered to control the pressure within the vein.
Once the apparatus was connected properly, the vein was perfused and observed for IO min to make sure no leakage occurred.
Flow rate was maintained constant at 30 drops/min, and the elevation of the overflow reservoir was set so that its fluid level was at the same height as that of the vein. Under these conditions, the vein was barely filled with blood but without stretching its wall. The volume occupied by the vein at this zero reference pressure (PO> was the initial volume (Vo) of the vein.
The experiments were divided into two groups. In the T I M E (minutes) first group, each of ten veins was subjected to instan-'taneous step increases in pressure from 0 to 2.5, 0 to 5, o to IO, and o to 20 cm saline. After no further volume increase could be detected (20-30 min later) the pressure was lowered back to o, and the volume changes were again recorded until the volume again became constant. Initial volume changes (VI) (following either sudden increases or decreases in pressure) resulted from elastic stretch or elastic recoil of the vein wall. Slow volume changes (V,) resulted from delayed compliance.
In the second group of experiments, six veins were exposed to sinusoidal pressure variations of different periods and amplitudes.
To achieve this, the pressure-regulating reservoir (the outflow reservoir from the vein) was attached to a rotating disc in a way that allowed peak-topeak sinusoidal pressure variations of 5, IO, I 5, 20, 25, and 30 cm saline to be obtained.
The shaft was driven by a synchronous motor through a gear train to yield rotational periods of 50 set, 2 min, 5 min, 13 min, and 34 min. The entire assembly could be raised or lowered to alter mean pressure. Each sinusoidal driving-pressure variation was maintained at the same amplitude and period either until steady-state changes in volume were obtained or until the changes had approached the steady state nearly enough that the difference from the steady state was within the limits of experimental error. All volume measurements were referred to the control zero volume (Vo) reference level and were reported as per cent of control.
RESULTS

AND DISCUSSION
Transient volume changes resulting from step pressure changes. The mean of the control volumes of the ten vein segments used in this study was 0.299 ml at zero transmural pressure. The time courses of the average volume responses to step changes in transmural pressure, expressed as per cent of the control volume, are shown in Fig. 2 . The step pressure increases were 2.5, 5, IO, and 20 cm saline. The initial increases in volume occurring within the first 5 set are shown by the vertical line, and the shaded areas represent the delayed volume changes. The greater the magnitude of the pressure increase, the greater were both the initial and the delayed volume changes.
After the volumes had reached an equilibrium statethat is, after 20-30 min-the pressures were suddenly dropped back to zero. Almost exactly opposite effects to those caused by the positive-pressure steps occurred, except that the times required for the delayed changes and their magnitudes were almost twice as great, as can be observed in Fig. 2 .
The magnitudes of the volume changes resulting from step increases in transmural pressure are shown as per cent of the control volume (V,) in Fig. 3 . In each instance, the immediate increase in volume (V,> was greater than the delayed increase (the delayed compliance, V,). However, both the immediate and the delayed volume increases became progressively greater as" the step pressure changes were made greater.
When the step changes in pressure were negative, the resulting volume changes (Fig. 4) were qualitatively the same as for positive step pressure changes. However, two major differences existed: I) the delayed volume change was greater for a given magnitude of pressure change when the change was negative rather than positive, 2) the minimum volume at o pressure after recovery from distension (V,,) was always less than the initial volume before distension. The time of minimum volume was reached 18-38 min after removal of the pressure, as shown in Fig. 2 . Thereafter, the volume of the vein gradually returned to the control volume (VO) over a period of several hours.
Dynamic steady-state volume responses to sinusoidal pressure changes. Pressure-volume relationships in an isolated jugular vein segment exposed to sinusoidal changes in transmural pressure from o to 5 cm saline were studied in seven vein segments. A typical record from a single vein at different periodicities of the pressure changes is illustrated in Fig. 5 . Note that when the period of a complete cycle was 34 min there was almost no hysteresis. On the other hand, at progressively shorter periods the degree of hysteresis (phase lag in volume changes) became more and more pronounced.
Almost exactly these same results occurred in the other six preparations.
In each of the seven preparations, sinusoidal pressure changes were also applied to the veins at higher mean pressure levels and at higher amplitudes of change. Figure 6 shows the typical effect of changes in mean transmural pressure on the sinusoidal pressure-volume relationships in a study in which the mean transmural pressure was progressively increased from 2.5 to 2 7.5 cm saline in steps of 5 cm. As shown in the figure the increasing transmural pressure decreased both the magnitude of the volume change and the degree of hysteresis. However, the degree of hysteresis expressed in per cent of volume change remained almost exactly constant.
Signijcance 
